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Abstract
Origin of the TeV gamma ray emission from MGRO J2019+37 discovered by the Milagro
experiment is investigated within the pulsar wind nebula (PWN) scenario using multiwave-
length information on sources suggested to be associated with this object. We find that
the synchrotron self-Compton (SSC) mechanism of origin of the observed TeV gamma rays
within the PWN scenario is severely constrained by the upper limit on the radio flux from the
region around MGRO J2019+37 given by the Giant Metrewave Radio Telescope (GMRT)
as well as by the x-ray flux upper limit from SWIFT/XRT. Specifically, for the SSC mecha-
nism to explain the observed TeV flux from MGRO J2019+37 without violating the GMRT
and/or Swift/XRT flux upper limits in the radio and x-ray regions, respectively, the emis-
sion region must be extremely compact with the characteristic size of the emission region
restricted to <∼ O(10−4 pc) for an assumed distance of ∼ few kpc to the source. This is at
least four orders of magnitude less than the characteristic size of the emission region typi-
cally invoked in explaining the TeV emission through the SSC mechanism within the PWN
scenario. On the other hand, inverse Compton (IC) scattering of the nebular high energy
electrons on the cosmic microwave background (CMB) photons can, for reasonable ranges
of values of various parameters, explain the observed TeV flux without violating the GMRT
and/or SWIFT/XRT flux bounds.
Keywords: Atmospheric Cherenkov Technique, Extensive air shower simulations, γ-ray
astronomy
1. Introduction
The Cygnus region of the Galaxy hosts a number of extended, unidentified sources of
TeV γ-ray emission, the most prominent of which is MGRO J2019+37 discovered by the
Milagro experiment [1, 2]. Detailed analysis [3] of the observational data on this object
collected during the period 2005–2008 gives a detection of this source with a statistical
significance in excess of 12σ between 1 and 100 TeV. The measured flux [3] from this source
is 7+5
−2 × 10−10 s−1m−2TeV−1 (with a ∼ 30% systematic uncertainty) at 10 TeV with a
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spectrum that is best described by a power-law with a spectral index of 2.0+0.5
−1.0 (with a
systematic uncertainty of ∼ 0.1) and an exponential cutoff at an energy Ec = 29+50−16TeV.
Although no confirmed counterparts of the TeV source MGRO J2019+37 at lower energies
are known, several possible associations with other observed sources have been suggested.
The emission from MGRO J2019+37 may be due to either a single extended source or
several unresolved sources. The EGRET sources 3EG J2021+3716 and 3EG J2016+3657
are positionally close to MGRO J2019+37, and thus could be the GeV counterparts of MGRO
J2019+37 if it is a multiple source. At the same time, the EGRET source 3EG J2021+3716
is suggested to be associated with the radio and GeV pulsar PSR J2021+3651 (and its
associated pulsar wind nebula PWN G75.2+0.1 [4, 5]) observed at GeV energies by AGILE
(AGL J2020.5+3653) [6] as well as FERMI (2FGL J2021.0+3651) [7]. A SWIFT/XRT
observation [8] was also done within the positional uncertainty region of MGRO J2019+37
reported in [1, 2] and three x-ray sources were reported in the region with a total x-ray flux
corresponding to νFν ∼ 8.1×10−14TeV cm−2 s−1 in the 2–10 keV energy region, which can,
therefore, be taken as an upper limit on the possible x-ray flux from any x-ray counterpart
of MGRO J2019+37 in this energy region. In addition, a wide-field deep radio survey of the
MGRO J2019+37 region at 610 MHz was made by the Giant Metrewave Radio Telescope
(GMRT) [9], yielding no detectable radio source, thus giving a conservative upper limit of
∼ 1.0 mJy on the radio flux from any point-like radio counterpart of MGRO J2019+37.
Recently, a deep very high energy (VHE) observation by the VERITAS experiment [10] has
resolved the VHE emission from the region of MGRO J2019+37 into two VHE sources. One
of these, namely, VER J2019+378, which is also positionally coincident with the energetic
GeV pulsar PSR J2021+3651 and its PWN, has been suggested to be associated with the
bulk of the TeV emission from MGRO J2019+37.
In this paper, we study the implications of a scenario in which the observed TeV γ-ray
emission from MGRO J2019+37 arises from a Pulsar Wind Nebula (PWN) type source.
Pulsar Wind Nebulae (PWNe) (see, e.g., [11] for a review), a well-known example of which
is the Crab Nebula (see [12] for a review), are known to be sources of very high energy gamma
rays extending to TeV energies (see, e.g., [13, 14] for reviews). The TeV photons are thought
to be emitted mainly through (a) inverse Compton (IC) interaction of high energy electrons
with the low energy synchrotron photons emitted by the electrons themselves in the ambient
magnetic field in the nebula — the so-called synchrotron self-Compton (SSC) mechanism,
and/or (b) IC interaction with the photons constituting the cosmic microwave background
(CMB) and infrared background — hereafter referred to as the “IC-CMB” mechanism. The
high energy electrons themselves are thought to be accelerated in the wind termination shock
where the relativistic wind from the pulsar residing within the nebula is stopped by the
nebular material. In principle, in addition to electrons high energy protons (and in general
heavier nuclei) may be also accelerated [15, 16, 17, 18], which can produce high energy
photons through decay of neutral pions produced in inelastic p-p collisions. In this paper we
shall restrict our attention to the leptonic scenario, i.e., we assume that the TeV emission
is due to electrons. We use multiwavelength data and flux upper limits from observations
in the region around MGRO J2019+37 including the radio upper limit given by GMRT [9],
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x-ray flux upper limit from SWIFT/XRT observations [8], GeV observations by FERMI [7],
EGRET [19] and AGILE [6] and the TeV data from Milagro [1, 2, 3] and VERITAS [10]
to study the implications of both the SSC and IC-CMB mechanisms for the macroscopic
parameters of the underlying PWN, namely, its energetics (e.g., the total energy contained
in the high energy electrons), the characteristic size of the emission region and the ambient
magnetic field within the nebula.
We find that the SSC mechanism of origin of the observed TeV gamma rays from MGRO
J2019+37 is severely constrained by the GMRT upper limit on the radio flux from the region
around MGRO J2019+37 as well as by the SWIFT/XRT x-ray flux upper limit. Specifically,
for the SSC mechanism to explain the observed TeV flux from MGRO J2019+37 without
violating the GMRT and/or Swift/XRT flux upper limits, the emission region within the
PWN must be extremely compact with the characteristic size of the emission region restricted
to <∼ O(10−4 pc) for an assumed distance of ∼ few kpc to the source. This is at least four
orders of magnitude less than the characteristic size of the emission region typically invoked
in explaining the TeV emission through the SSC mechanism within the PWN scenario.
On the other hand, the IC-CMB mechanism can, for reasonable ranges of values of various
parameters, explain the observed TeV flux without violating the GMRT and/or SWIFT/XRT
flux bounds.
The reason for the upper limit on the size of the emission region in the SSC scenario is
not hard to understand: Ignoring for the moment the details of the energy spectrum of the
electrons, let ne denote the number density of the electrons and rem the characteristic radius
of the (assumed spherical) emission region in the source. Recall that in the SSC mechanism
the TeV photons are produced through IC interaction of the nebular high energy electrons
with the synchrotron photons produced by the electrons themselves in the magnetic field in
the nebular region. Since the number density of the synchrotron photons scales as ne, the
number density of the TeV photons produced by the electrons through the SSC mechanism
roughly scales as n2e. Thus, for a given distance to the source, the emerging total TeV
flux from the source scales as n2e r
3
em. The requirement of producing the observed TeV flux
of MGRO J2019+37, therefore, fixes the product ne r
3/2
em . On the other hand, the photon
fluxes in the radio and x-ray regions due to synchrotron emission by the electrons scale with
the product ne r
3
em. Therefore, with the product ne r
3/2
em fixed by the observed TeV flux of
MGRO J2019+37, an upper limit on the radio flux given by GMRT or the x-ray flux given
by SWIFT/XRT directly yields an upper limit on rem. These arguments are elaborated upon
more quantitatively in the following sections within the context of a simple power-law form
of the energy spectrum of the electrons within the nebula.
The rest of the paper is organized as follows: First, in Section 2 we set up the formulae
to calculate the multiwavelength photon spectra and compare the resulting theoretically
calculated multiwavelength photon spectra with the observed multiwavelength data and
constraints pertaining to MGRO J2019+37, and discuss the implications — in particular
the constraints on the characteristic size of the emission region — for the SSC mechanism
of production of the observed TeV flux from MGRO J2019+37. Finally, we summarize our
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results and conclude in Section 3.
2. Multiwavelength photon spectra and constraints
For simplicity we shall assume a simple power-law form (with a high energy cutoff) of
the energy spectrum of the high energy electrons within the system, namely,
dne
dγ
= Aeγ
−αexp (−γ/γmax) , (1)
where ne denotes the number density of the electrons, γ is the Lorentz factor of the electron,
and Ae, α and γmax are parameters of the model.
In general, the electron spectrum may be more complicated than the single power-law
form assumed above. However, from the discussions given below it will be clear that the
qualitative natures of the interrelationships between and constraints on the macroscopic
parameters of the system we derive below are quite general and are independent of the exact
form of the electron spectrum.
It is clear that, unlike in the cases of well-studied specific PWNe such as the Crab
Nebula for which the existence of detailed multiwavelength data allows one to determine
the parameters of the underlying model by performing detailed spectral fits to observational
data (see, e.g., [20] in the case of the Crab nebula), it is not practical or even meaningful
to attempt to “determine” the parameters appearing in equation (1) in the case of MGRO
J2019+37 because of lack of such multiwavelength observational data. Instead, we shall
focus on the plausible ranges of values of the most relevant parameters of the system by
requiring that the resulting multiwavelength photon spectra be such as to be able to explain
the observed TeV flux from MGRO J2019+37 without violating the upper limits on the
x-ray and radio fluxes from the region around the object.
For a given set of the electron parameters {P} ≡ {α, γmax } in (1), the total energy
contained in the electrons, Ee =
4
3
πr3emmec
2
∫
γ dne
dγ
dγ, can be expressed as
Ee =
4
3
πr3emAemec
2F({P}) , (2)
where rem is the radius of the (assumed) spherical region within which the electrons are
assumed to be distributed uniformly, and F is a calculable function of the set of parameters
{P}.
Now, the energy spectrum of synchrotron photons produced by an electron of energy
γmec
2 with a pitch angle θ in a magnetic field B can be written as [21]
LSyν ≡
(
dE
dνdt
)
Sy
=
√
3e3B sin θ
mec2
ν
νc
∫
∞
ν/νc
K5/3(x)dx , (3)
where e is the electron charge,
νc =
3eγ2
4πmec
B sin θ , (4)
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is the characteristic frequency of the emitted synchrotron radiation, and K5/3(x) is the
modified Bessel function of fractional order 5/3. In our calculations described below, we
shall average over the electron pitch angle and adopt a value of sin θ =
√
2/3 [20].
For simplicity, we shall work within the framework of the so-called “constant B-field”
scenario [22, 20] and assume the magnetic field to be constant within the nebular region.
Thus, for a source (assumed to be in steady state and emitting radiation isotropically)
at a distance D, the synchrotron radiation flux (energy/area/time/frequency) at frequency
ν at earth can be written as
F syν =
1
4πD2
4
3
πr3em
∫
∞
1
LSyν
dne
dγ
dγ
=
1
4πD2
Ee
mec2
e3B
mec2
gsy
(
ν, B, {P}) , (5)
where we have used equations (3), (1) and (2) in the second line and written the equation in a
suggestive form by extracting the explicit dependence on dimensionful quantities thus making
gsy
(
ν, B, {P}) a numerically calculable dimensionless function of the indicated parameters.
(Note that the combination e3B has the dimension of energy squared.)
Similarly, the energy spectrum of photons produced by an electron of energy γmec
2 due
to IC scattering off a background of soft photons is given by [21]
LICν ≡
(
dE
dνdt
)
IC
=
3
4
σT c
γ2
h2ν
∫ hν
hν/(4γ2)
dǫ
nb(ǫ)
ǫ
fIC(ǫ, ν, γ) , (6)
where σT is the Thomson cross section, hν is photon energy after scattering, nb(ǫ) dǫ is the
number density of the background soft photons between energy ǫ and ǫ+ dǫ, and
fIC(ǫ, ν, γ) = 2q ln q + (1 + 2q)(1− q) + 1
2
× [4ǫγq/ (mec
2)]
2
1 + 4ǫγq/ (mec2)
(1− q) ,
with
q =
hν
4ǫγ2 [1− hν/ (γmec2)] .
For the synchrotron self-Compton (SSC) process the target photons for the IC interac-
tion of the high energy electrons are the synchrotron photons produced by the electrons
themselves. As already mentioned in the Introduction, since the number density of these
synchrotron photons scales with the electron number density, the SSC luminosity from the
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source will scale with the square of the electron number density. Thus, the total SSC flux
at earth can be written as
F SSCν =
1
4πD2
4
3
πr3em
∫
∞
1
LICν
dne
dγ
dγ
=
1
4πD2
(
Ee
mec2
)2
σT ch
r3em
gSSC
(
ν, B, {P}) , (7)
where again we have used equations (1), (2) and (6) (with target photon density nb in equa-
tion (6) replaced by the synchrotron photon density which scales withAe), and gSSC
(
ν, B, {P})
is another numerically calculable dimensionless function of the indicated parameters. Note
the explicit dependence of F SSCν on rem, the radius of the emission region.
Finally, for IC interaction on the universal CMB photons, with nb(ǫ) in equation (6)
replaced by
nCMBb (ǫ) dǫ =
8π
(hc)3
ǫ2
exp[ǫ/kBT ]− 1dǫ , (8)
with T = 2.725◦K, the IC-CMB flux at earth can be written as
F IC,CMBν =
1
4πD2
Ee
mec2
σThν
3
c2
gIC,CMB
(
ν, {P}) , (9)
where gIC,CMB
(
ν, {P}) is again a numerically calculable dimensionless function.
Equations (5), (7) and (9) allow us to generate the multiwavelength spectra for our model
of the MGRO J2019+37 for any chosen set of values of the various parameters involved. For a
given source distance D and the set of electron parameters {P}, there are three macroscopic
parameters that control the multiwavelength spectra of the system, namely, the total energy
contained in the electrons (Ee), the magnetic field (B) and the radius of the emission region
(rem). For judicious choices of values of these parameters, one can obtain multiwavelength
spectra for our model of MGRO J2019+37 that provide reasonably good fit to the observed
TeV data without violating the GMRT and SWIFT/XRT constraints. We shall discuss
such multiwavelength spectra below. However, even without considering the full numerically
generated multiwavelength spectra, we can see that within the context of the SSC mechanism
of explaining the observed TeV data of MGRO J2019+37, the GMRT and SWIFT/XRT flux
upper limits impose an upper limit on the radius of the emission region, rem. This can be
simply seen as follows:
2.1. Upper limit on rem in the SSC scenario
For an appropriate choice of the values of the magnetic field B and the parameter set
{P}, requiring that we be able to explain the observed TeV flux from MGRO J2019+37 at
some energy, say, 10 TeV, by the SSC flux (7), we get
Ee
mec2
=
(
FMGRO10TeV
)1/2(4πD2r3em
σT ch
)1/2
g
−1/2
SSC
(
hν = 10TeV, B, {P}) , (10)
6
where FMGRO10TeV is the observed flux from MGRO J2019+37 at 10 TeV. But, at the same time,
we must ensure that, for the same values of B and the parameter set {P}, the synchrotron
flux given by equation (5) at ν = 610MHz not exceed the radio flux upper limit given by
GMRT [9], FGMRT610MHz, from the region around the observed position of MGRO J2019+37. This
gives the condition
1
4πD2
Ee
mec2
e3B
mec2
gsy
(
ν = 610MHz,B, {P}) ≤ FGMRT610MHz ,
which, upon substituting for Ee from equation (10), gives an upper limit on rem:
r3/2em ≤
(
4πD2
)1/2 (mec2
e3B
)
(σT ch)
1/2 FGMRT610MHz
(
FMGRO10TeV
)
−1/2
g−1sy
(
ν = 610MHz,B, {P}) g1/2SSC(hν = 10TeV,B, {P}) . (GMRT) (11)
Similarly, one can derive an upper limit on rem from the SWIFT/XRT x-ray flux upper
limit. The actual value of the upper limit on rem will be the lower of the two upper limits.
Clearly, the upper limit on rem depends on the electron parameters, the magnetic field and
on the distance to the source. Below we shall present the results of our detailed numerical
calculations for various values of the parameters involved. However, rough estimates of the
upper limit on rem can be obtained simply by comparing the observed TeV flux of MGRO
J2019+37 and the GMRT (SWIFT/XRT) upper limit on its radio (x-ray) flux with the
observed TeV and radio (x-ray) fluxes, respectively, of a known PWN system such as the
Crab nebula, for example. Let us define the ratio
ξ ≡ νF
SSC
ν (hν = 10TeV)
νF syν (ν = 610MHz)
, (12)
where F syν and F
SSC
ν are given by equations (5) and (7), respectively. Let us demand that the
measured TeV flux of both Crab and MGRO J2019+37 be explained by the SSC process.
Then, for a given set of the electrons’ spectral parameters {P} and magnetic field B, assumed
same for the moment for both Crab and MGRO J2019+37, it is easy to see, using equations
(12), (5), (7) and (10), that(
r
3/2
em
D
)
MGRO
=
(
r
3/2
em
D
)
Crab
(
FCrab10TeV
FMGRO10TeV
)
−1/2
ξCrab
ξMGRO
, (13)
where the sub(super)scripts Crab and MGRO refer to quantities relevant to Crab and MGRO
J2019+37, respectively.
From the observed multiwavelength spectral energy distribution of the Crab (see, e.g.,
[20] for a compilation of the data; also see the Figures below) it can be seen that Crab
emits comparable amount of energy at TeV and radio wavelengths, with νFCrabν (hν =
10TeV) ≃ 1.5× 10−11 erg cm−2 s−1 and νFCrabν (ν = 610MHz) ≃ 0.74× 10−11 erg cm−2 s−1.
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In contrast, for MGRO J2019+37, while the energy emitted at TeV energies is compa-
rable with that for Crab, with νFMGROν (hν = 10TeV) ≃ 1.1 × 10−11 erg cm−2 s−1, the
GMRT upper limit restricts the possible flux of MGRO J2019+37 in the radio region
to νFMGROν (ν = 610MHz) ≤ 6.1 × 10−18 erg cm−2 s−1, about 6 orders of magnitude less
than the corresponding quantity for Crab at that frequency. Thus we have ξCrab ≃ 2 and
FCrab10TeV/F
MGRO
10TeV ≃ 1.36, whereas ξMGRO ≥ 1.8× 106.
Using these numbers in equation (13) we get the constraint
rem,MGRO ≤ 9.68× 10−5 rem,Crab
(
DMGRO
DCrab
)2/3
. (GMRT) (14)
The distance to MGRO J2019+37 is not precisely known. The radio and GeV pulsar
PSR J2021+3651 with its associated pulsar wind nebula PWN G75.2+0.1 [4, 5, 6, 7] that
has been suggested to be associated with MGRO J2019+37 is inferred to be at a distance of
3–4 kpc [23]. Below, for our numerical calculations, we shall take DMGRO = 3 kpc. For the
Crab nebula we shall take DCrab ∼ 2 kpc and rem,Crab ∼ 1 pc [20]. With these numbers, we
get
rem,MGRO ≤ 1.3× 10−4 pc
(
rem,Crab
1 pc
)(
DMGRO
3 kpc
)2/3(
2 kpc
DCrab
)2/3
. (GMRT) (15)
Similarly one can derive a rough estimate of the upper limit on rem using the SWIFT/XRT
flux upper limit.
These upper limit values indicate that if the spectral parameters of the electron popu-
lation and the magnetic field of MGRO J2019+37 are same as those of the Crab nebula,
then within the context of the SSC mechanism of production of TeV photons, the MGRO
J2019+37 has to be a significantly more compact source than the Crab. Of course, the
electron parameters and the magnetic field inside MGRO J2019+37 have no reason to be
same as those in Crab. However, this does not alter the above general inference on the
compactness of the source, the main reason for which is the strong constraint (upper lim-
its) on the possible radio and x-ray fluxes from MGRO J2019+37 imposed by the GMRT
and the SWIFT/XRT observations, respectively. To demonstrate this, we have generated a
large set of multiwavelength spectra for our model of MGRO J2019+37 for a wide range of
values of the parameters Ee , B and rem and electron parameters {P} both for the SSC as
well as IC-CMB mechanisms of production of TeV energy photons1. Samples of such multi-
wavelength spectra are shown in Figures 1 and 2 for illustrating our main results. In these
Figures the electron spectrum parameters have been taken to be α = 2 and γmax = 2 × 108
(corresponding to exponential cutoff energy of the electron spectrum at 100 TeV); our basic
results and conclusions do not change for other reasonable values of these parameters.
1We have included the contribution from IC scattering of the electrons with the interstellar radiation field
(ISRF) (taken from Ref. [24]) in addition to the CMB within the “IC-CMB” contribution in our numerical
calculations.
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To set the scale for the possible ranges of values of the parameters B, Ee and rem for our
numerical calculations, we note the typical values of these parameters invoked in explaining
the multiwavelength emission from the Crab nebula, namely, Ee,Crab ≃ 5.3×1048 erg, BCrab ≃
125µG and rem,Crab ≃ 1 pc (see, e.g., [20]). We, however, keep in mind that the Crab is one of
the most powerful PWNe, and the values of the above parameters for the MGRO J2019+37
may be quite different from those for the Crab. Indeed, as we see from the Figures shown
below, the values of these parameters required to explain the observed TeV data maintaining
consistency with GMRT and SWIFT/XRT flux upper limits are rather different from those
invoked for the Crab.
From Figure 1 we see that for a value of Ee = 2.9×1047 erg, which is about 5% of Ee,Crab
mentioned above, the GMRT and the SWIFT/XRT flux upper limits restrict the magnetic
field within MGRO J2019+37 to below 0.1µG, three orders of magnitude lower than BCrab
mentioned above. For larger values of Ee , the magnetic field has to be even lower. However,
for B = 0.1µG, we require a value of rem = 5 × 10−4 pc (compared to rem,Crab ≃ 1 pc) to
explain the observed TeV data of MGRO J2019+37 with the SSC mechanism. The physical
reason for this is that, for the chosen value of Ee , with a value of B as low as 0.1µG the
target synchrotron photon density is not large enough to produce the observed TeV flux
through the SSC mechanism unless the size of the emission region is sufficiently small. Note
that, for the same value of Ee , a magnetic field of 100µG can explain the TeV flux with a
value of rem = 0.1 pc, but such a large value of B produces synchrotron flux that violates
the GMRT and SWIFT/XRT upper limits. Note also that, with the above value of Ee the
IC-CMB mechanism can well explain the observed TeV flux.
In general, for consistency with the GMRT and SWIFT/XRT flux upper limits, larger
values of magnetic field require smaller values of the total energy contained in electrons, Ee .
For example, as shown in Figure 2, a magnetic field of B = 125µG will produce synchrotron
flux consistent with GMRT and SWIFT/XRT upper limits only for Ee ≤ 7.3 × 1042 erg, a
value about six orders of magnitude lower than Ee,Crab. However, for such a low value of Ee ,
the target synchrotron photon density is again not large enough to produce the observed
TeV flux through the SSC mechanism unless the emission region is sufficiently compact with
rem ≃ 3 × 10−6 pc. Note further that with such a low value of Ee , the IC-CMB mechanism
is unable to explain the observed TeV flux.
In the above discussions we have made the simplifying assumption of the electrons —
and consequently the photons generated by them — being uniformly distributed within a
spherical “emission region” of radius rem within the nebula. More realistically, the radius
rem may be considered as a kind of characteristic length scale of a possible non-uniform
spatial distribution of the electrons and/or the photons generated by them [20, 22]. Also,
the magnetic field inside the nebula is likely to be not spatially constant, but rather varying
with a characteristic length scale similar to rem. These details, however, are unlikely to
change the general conclusion regarding the extreme compactness of the emission region of
MGRO J2019+37 in the case of SSC mechanism of production of the observed TeV emission
from MGRO J2019+37 within the context of the general PWN model of the source.
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3. Summary and conclusions
To summarize, in this paper we have considered a PWN scenario of the origin of the
observed TeV gamma ray emission from MGRO J2019+37. We find that, while no lower
energy counterparts of this object have yet been identified, the upper limits on possible radio
and x-ray emissions from the source provided by the GMRT and SWIFT/XRT, respectively,
already imply that the observed TeV emission of MGRO J2019+37 must originate from a
highly compact region with characteristic size of the emission region <∼ O(10−4 pc) if the
observed TeV flux from MGRO J2019+37 is dominantly produced by the SSC mechanism.
Such a compact size of the emission region is difficult to envisage within the usual PWN
scenario. On the other hand, IC scattering of the high energy electrons on the CMB photons
can explain the observed TeV flux without violating the radio and x-ray flux upper limits
given by GMRT and SWIFT/XRT, respectively, for reasonable ranges of values of various
relevant parameters.
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Figure 1: The spectral energy distribution (SED) of our model of MGRO J2019+37 from radio to TeV region
in the PWN scenario. The curves spanning from radio to x-ray energies are the synchrotron spectra (marked
by the key “Sy”) for various values of magnetic field (B) as shown. The curves going up to TeV energies and
marked by the key “SSC” are the synchrotron self-Compton spectra for selected values of the magnetic field
and radius of the emission region (rem) as shown. The curve marked ”IC-CMB” is the spectrum produced
through inverse Compton scattering of the electrons on the cosmic microwave background. The power-law
index of the electron energy spectrum has been taken to be α = 2. The values of the exponential cutoff
parameter of the electron spectrum (γmax) and the total energy contained in electrons (Ee ) are as specified.
The distance to the source is taken to be D = 3kpc. Multiwavelength observational data and flux constraints
from observations in the region around MGRO J2019+37 including the radio upper limit given by GMRT [9],
x-ray flux upper limit from SWIFT/XRT observations [8], GeV observations by FERMI [7], EGRET [19]
and AGILE [6] and TeV observations by Milagro [1, 2, 3] and VERITAS [10] are shown. In addition, the
SED of the Crab nebula (at a distance of ∼ 2 kpc) from radio to TeV energies [taken from Ref. 20] is also
shown for comparison.
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Figure 2: Same as Figure 1 but only for magnetic field B = 125µG with Ee = 7.3 × 1042 erg and different
values of rem as shown.
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